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(2.1 ) , Berlehmp (2.1.1 )
, GCD (2.1.2 ) .
Berlekamp , Berlekamp ,




Fp $P$ , $f\in F_{p}[x]$ $d\geq 1$ . . $f$
$F_{p}$ . $f=g_{1}\cdots g_{m}(g_{1}, \cdots g_{m}\in F_{p}[x])$ . $f$
, $F_{p}(x)$ $p-1$ .
$y^{(p-1)}+y^{p}=0$ (2.1)
$L(y)=y^{\langle p-1)}+y^{p}$ Fp $F_{p}(x)$ . (2.1) $F_{p}(x)$
. , $F_{p}(x)$ $y=h/f(h\in F_{p}[x])$ (2.1)
.
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, $h(x)\in F_{p}[x]$ , (2.1) .
$f^{p}( \frac{\text{ }}{f})^{(p-1)}=-h^{p}$ (2.2)
Theorem 1 ([13, theoreml]) $f=g_{1}\cdots g_{m}$ , (2.2) .
$y= \sum_{1-1}^{m}\mathfrak{g}\frac{g_{1}’}{g_{1}}$ , $c_{1},$ $\cdots$ , $\in \bm{F}_{p}$
$\triangleleft$
$(d-1)p$ $F_{p}$ , $x^{p}$ . $M_{p}(f)$
(2.2) $dxd$ , (2.2) $h\in F_{p}^{d}$
.
$(M_{p}(f)+I_{d})h^{T}=0$ (23)
Theorem 2 $([13, th\infty rem2])$
rank$(M_{p}(f)+I_{d})=d-m$
$\triangleleft$
, rank$(M_{p}(f)+I_{d})=d-1$ , $f$ Fp
$-$
. rank$(M_{p}(f)+I_{d})\leq d-2$
. 1 (2.2) $c_{1}\in F_{p}$ $b_{:}=g_{1}’\perp g\in F_{p}[x](1\leq i\leq m)$
.
$= \sum_{1\sim 1}^{m}c_{1}b$:
2 $b_{1},$ $\cdots b_{m}$ . , .
$J(h)=\{1\leq j\leq m : c_{j}=0\}$ ,
$h= \sum_{\ell-1,.\not\in J(h)}^{m}c:b_{i}=\sum$ $g_{1}’ \frac{f}{g_{1}}=(\prod_{j\epsilon J(h)}g_{j})\sum_{1:=1,\not\in J(h)}^{m}$ $g_{1}’ \frac{f}{g_{1}\prod_{j\epsilon J(h)}g_{j}}$
, $gcd(f, h)$ $f$ .
$gcd(f,h)=\prod_{j\in J(h)}g_{j}$
2.1.1 Niedeneiter
(2.2) $M_{p}(f)$ , $S.J\infty ng$ YPark [8] PFleichmann PRoelse
[5] . , $S.J\infty ng$ YPark .
, $M_{p}(f)$ (2.1) $P$ .
, $Hasse- Teichm\ddot{u}1ler$ derivatives .
$F_{q}$ $q$ . $q$ $p$ . $n\geq 0$
, $n$ $Hass\triangleright Teichmuller$ derivative $H^{(n)}$ , $F_{q}$ $x^{-1}$ Laurent( )
$F_{q}((x^{-1}))$ . $w$ .
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$H^{(n)}( \sum_{1=w}^{\infty}qx^{-1})=\sum_{i=w}^{\infty}$ $-in)c_{1}x^{-:-n}$
, (2.1) $F_{q}(x)$ . , $F_{r}$ $F_{q}$ $r$
, $r>1$ . , $r=q$ $r=p$($F_{q}$ ) .
$H^{(r-1)}(y)=y^{r}$ (24)
, $N_{r}(f)h^{T}=(\text{ ^{}[r]})^{T}$ . $f^{p-1}= \sum_{j-0}a_{1}x$ .
$N_{r}(f)=(\begin{array}{lllllll}a_{r-1} a_{0} 0 0 \cdots 0 0a_{2r-1} a_{r} a_{0} 0 \cdots 0 0a_{\theta r-1} a_{2r} a_{r} a_{r-1} \cdots 0 00 0 0 a_{(r-1)d} a_{(r-1)d-f}0 0 0 . 0 1\end{array})$
21 $M_{p}(f)$ $N_{r}(f)$ $M_{p}(f)=-N_{p}(f)$ .
2.1.2 Niederreiter
$gcd(f, h)$ , $P^{m}$ $h\neq 0$ , $f$ $f$
GCD . Niederreiter [16]
.
Theorem 3 $([16, th\infty rem2])f=g_{1}\cdots g_{m}$ $f$ $N_{q}$
. , $f$ $y= \frac{h}{f}$ $\sim$ - $\{_{g_{1}}^{g’}\lrcorner$ ’. . . , $\frac{9}{g}\acute{\Phi}\}m$ $\triangleleft$
, GCD . $B_{0}=t_{91}^{g_{1}’},$ $\cdots g_{a\}}’a_{n}$ .
$B=t^{\underline{h}}’,$ $\cdots$ $hr\}$ . $B$ $B_{1}=\{u$
$v_{1}$
$\frac{u}{v}mn\}$
. $B_{1}$ GCD .
$f=g_{1}\cdots g_{m}$ $w$ . $w=g_{1}\cdots g_{k}$ $(1 \leq k\leq m)$
. $Ba8icSplittingStep$ $w$ , , $w$
. Basic Splitting Step $gcd(w, v_{1})$ $(1 \leq i\leq m)$ . GCD 1 $w$
.
$gcd(w, v:)\in\{1,w\}$ . $I(w)=\{1\leq i\leq m \ddagger w|v_{i}\}$ . $i\in I(w)$
$\beta\in F_{r}$ .
$gcd(u_{1}+\beta w’\frac{v_{1}}{w}, v_{*})$ (2.5)
GCD $w$ 1 . , $w$ $i\in I(w)$ $\beta\in F_{r}$ , (2.5)




[ ] $f\in F_{p}[x]$
[ ] $f$ $g_{1},$ $\cdots g_{m}\in F_{p}[x]$
Step 1. $N_{p}(f)$ . $m=1$ $f$ .
Step 2. ($N_{p}(f)$ –I) $\tau_{=0}$ . $h$ (2.2) $P^{m}$ $h$ .
Step 3. $h\neq 0$ , $gcd(f, h)\neq 1$ . $gcd(f, h)$ $f$
. $\neq 0$ GCD .
$\triangleleft$
1 3 .
Algorithm 2Basic Splitting Step(GCD )[19]
\iota ] $f$ $w$
1 ] $w$
Step 1. $gcd(w,v:)$ . $w$ $w$ , Basic $Spl\ddagger tting$ Step
.
Step 2. $I(w)=\{1\leq i\leq m:w|v:\}$ , GCD . $\beta\in F_{p}$ $gcd(u_{1}+\beta_{w}^{u’nt}, v_{i})$
$w$ 1 . $w$ .
2.2 Niederreiter Berlekamp
Niederreiter Berlkamp . ,
. Niederreiter $O$ ($d^{\omega}+(d^{2}+d\log r)(\log d)$ log log $d$)
($d=\deg(f)$ $w<2.38$ ) . , Berlekamp
$O$ ( $(d^{2}+d\log q)(1ogd)$ log log d) [16].
Niederreiter .
3
Niederreiter , . ,
$f(x)\in F[a, b, \cdots][x]$ , ,
.




Example 1 $f(x)\in F_{2}[a][x]$ . Example 2 $g(x)\in F_{2}[a][x]$ .
$f(x)=x^{2}+a$ $g(x)=x^{3}+x+a$
, $a$ $\bullet$ : $a=0,$ $g(x)=x(x+1)^{2}$







Example 3 $f(x)\in F_{3}[a][x]$ . Example 4 $g(x)\in F_{7}[a, b][x]$ .
$f(x)=x^{2}+a$ $g(x)=x^{6}+ax^{3}+bx+1$
$\bullet$ $(x+s)^{2}$ $s=0$ . .. $(x+s)^{5}$ .
(Niederreiter ) .
$=\{2+2a\}$ Niederreiter.
$a=0,2$ $\{a, b\}=\{0,3\},$ $\{0,4\},$ $\{1,1\},$ $\{1,2\},$ $\{2,2\},$ $\{3)0\}$
$a=1$ {4, 5}, {5, 4}, {6, 2}, {6, 4}
3.4
Algorithm 3
[ ] $f(x)\in F_{p}[a, b][x]$
[ ] $a,$ $b,$ $\cdots\in F_{p}$
Step 1. Niederreteir
Step 2. $d-1$ Gr\"obner $arrow gbl$
Step 3. $f(x)=(x^{d_{1}}+s)^{da}$ ( , $d_{1}d_{2}=d$)
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3-1.
3-2. Gr\"obner $arrow gb2$
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